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[57] ABSTRACT 

Disclosed herein are stretched poly(arylene thioether) 
block copolymer ?lms and a production processes 
thereof, said block copolymer ?lm comprising a ther 
moplastic material composed of (A) 100 parts by weight 
of a particular poly(arylene thioether) block copolymer, 
(B) up to 100 parts by weight of at least one other ther 
moplastic resin, and (C) up to 15 parts by weight of at 
least one ?ller. The poly(arylene thioether) block co 
polymer alternately comprises at least one poly(arylene 
thioether-ketone) block having predominant recurring 
units of the formula 

wherein the —CO—- and —-S—- are in the para position 
to each other and at least one poly(arylene thioether) 
block having predominant recurring units of the for 
mula 

@ S—)-=. 
6 Claims, N0 Drawings 
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STRETCHED POLY(ARYLENE THIOETHER) 
BLOCK COPOLYMER FILMS AND PRODUCTION 

PROCESS THEREOF 

This application is a division of Application Ser. No. 
07/424,625 ?led Oct. 20, 1989. 

FIELD OF THE INVENTION 

This invention relates to stretched ?lms using a novel 
poly(arylene thioether) block copolymer comprising 
poly(arylene thioether-ketone) blocks and poly(arylene 
thioether) blocks, and more speci?cally to stretched 
?lms which are formed solely from the block copoly 
mer having high melt stability sufficient to permit appli 
cation of conventional melt processing techniques, or a 
thermoplastic material composed of the block copoly 
mer and at least one other thermoplastic resin and/ or at 
least one ?ller, are less susceptible of developing gel 
like substances (undissolved substances) and have excel 
lent transparency, strength and heat-resistance; and to a 
production process thereof. 

This invention is also concerned with stretched ?lms 
using a block copolymer containing a speci?c stabilizer 
and having still improved melt stability. 

BACKGROUND OF THE INVENTION 

In the ?elds of the electronic and electrical industry 
and the automobile, aircraft and space industries, there 
is a strong demand in recent years for crystalline ther 
moplastic resins having high heat resistance of about 
300° C. or higher in terms of melting point and more 
over easy melt processability. 

Recently, poly(arylene thioether-ketones) (hereinaf 
ter abbreviated as “PTKs”) have drawn attention for 
their high melting points. Various studies are now under 
way thereon. 
There are some disclosure on PTKs, for example, in 

Japanese patent Laid-open No. 58435/ 1985, German 
Offenlegungsschrift 34 05 523 A1, Japanese Patent 
Laid-Open No. 104126/ 1985, Japanese Patent Laid 
Open No. 13347/1972, Indian J. Chem., 21A, 501-502 
(May, 1982), Japanese Patent Laid-Open No. 
221229/ 1986, U.S. Pat. Speci?cation No. 4,716,212, 
U.S. Pat. Speci?cation No. 4,690,972, European Patent 
Publication No. 0,270,955 A2, European Patent Publi 
cation No. 0,274,754 A2, European Patent Publication 
No. 0,280,325 A2, etc. 

Regarding the PT Ks described in the above publica 
tions, neither molding nor forming has however suc 
ceeded to date in accordance with conventional melt 
processing techniques. Incidentally, the term “conven 
tional melt processing techniques” as used herein mean 
usual melt processing techniques for thermoplastic res 
ins, such as extrusion, injection molding and melt spin 
ning. 
The unsuccessful molding or forming of PTKs by 

conventional melt processing techniques is believed to 
be attributed to the poor melt stability of the prior art 
PTKs, which tended to lose their crystallinity or to 
undergo crosslinking and/or carbonization, resulting in 
a rapid increase in melt viscosity, upon their melt pro 
cessing. 
The present inventors thus conducted an investiga 

tion with a view toward developing a process for eco 
nomically producing PTKs having melt stability suffi 
cient to permit the application of conventional melt 
processing techniques. The investigation led to the suc 
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2 
cessful provision of PTKs having signi?cantly im 
proved heat stability upon melting (hereinafter called 
“melt stability”) (Japanese Patent Laid-Open No. 
5403 1/ 1989). 

It has also found that the melt stability of the melt-sta 
ble PTKs upon melt processing can be improved fur 
ther by the addition of a basic compound such as the 
hydroxide or oxide of a Group IA or Group IIA metal 
of the periodic table to them (Japanese Patent Applica 
tion No. 142772/ 1988). 
The melt-stable PTKs obtained as described above 

have a high melting point, typi?ed by the extremely 
high melting point of the homopolymer which reaches 
as high as about 360° C. This is however not all good. 
Their melt processing temperatures are high accord 
ingly, so that melt processing facilities for high-temper 
ature processing are required. Further, a stringent tem 
perature control is required to perform melt processing 
without deterioration by heat. 
The melt-stable PTKS are generally obtained as fine 

powders having a particle size of approximately 5-20 
pm. This has led to an additional problem upon their 
production such that they show poor handling proper 
ties in their collection step after polymerization, espe 
cially in ?ltration, washing, drying and transportation. 
Still further problems have also arisen such as poor 
metering property upon melt processing and occur 
rence of blocking in hoppers or the like. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

An object of this invention is to provide stretched 
?lms which have high melt stability sufficient to permit 
application of conventional melt processing techniques, 
are less susceptible of developing gel-like substances 
and have excellent transparency, strength and heat re 
sistance. 
Another object of this invention is to obtain novel 

copolymers with improved processability and handling 
properties while retaining the excellent properties, such 
as heat resistance and crystallinity, of the aforemen 
tioned melt-stable PTKs as much as possible and then to 
provide stretched ?lms having the above-described 
properties by using the above copolymer. 
The present inventors then attempted to produce a 

PTK-PATE block copolymer in which a poly(arylene 
thioether) (hereinafter abbreviated as “PATE”) having 
recurring units of the formula 

@s. 
is incorporated as blocks in the chain of a melt-stable 
PTK. As a result, it has been found that a poly(arylene 
thioether) block copolymer having excellent process 
ability and high crystallinity can be obtained by using as 
a prepolymer a PATE, which has a particular average 
polymerization degree and contains terminal thiolate 
groups and/or thiol groups as reactive terminal groups, 
and reacting the PATE prepolymer with a 4,4’ 
dihalobenzophenone and an alkali metal sul?de under 
speci?c conditions in an organic aide solvent. 

It has also been found that a block copolymer having 
excellent properties can be obtained by reacting a 

' 



4,980,114 
3 

PATE prepolymer with a PTK prepolymer under spe 
ci?c conditions. 

It has also been uncovered that each of these block 
copolymers can be obtained as granules having good 
handling properties from its polymerization systems by 
a conventional collection method. 

It has also been revealed that the block copolymers 
have high melt stability upon melting and formed or 
molded products such as ?lms can hence be obtained 
easily by a conventional melt processing technique from 
the block copolymers alone or a thermoplastic material 
which is a composition of the block copolymers, at least 
one other thermoplastic resin and/or at least one ?ller. 

In addition, it has also been found that thermoplastic 
materials improved still further in melt stability and 
crystallinity reduction and improved in problems such 
as sticking of thermal decomposition products to resin 
residence areas of melt processing equipment can each 
be obtained by adding a speci?c basic compound, op 
tionally along with an antioxidant, to the above 
described thermoplastic material containing the block 
polymers. 
The present invention has been brought to comple 

tion on the basis of these ?ndings. 
In one aspect of this invention, there is thus provided 

a stretched poly(arylene thioether) block copolymer 
?lm comprising a thermoplastic material composed of: 

(A) 100 parts by weight of a poly(arylene thioether) 
block copolymer (Component A) alternately compris 
ing (X) at least one poly(arylene thioetherketone) block 
having predominant recurring units of the formula 

CO 

wherein the --CO— and —S— are in the para position 
to each other and (Y) at least one poly(arylene thioe 
ther) block having predominant recurring units of the 
formula 

(a) the ratio of the total amount of the poly(arylene 
thioether) block (Y) to the total amount of the poly(ary 
lene thioether-ketone) block (X) ranging from 0.05 to 5 
by weight, 

(b) the average polymerization degree of the poly 
(arylene thioether) block (Y) being at least 10, and 

(c) said block copolymer having a melt viscosity of 
50—l00,000 poises as measured at 350° C. and a shear 
rate of 1,200/sec; 

(B) optionally, not greater than 100 parts by weight 
of at least one other thermoplastic resin (Component B); 
and 

(C) optionally, not greater than 15 parts by weight of 
at least one ?ller (Component C). 

In a further aspect of this invention, there is also 
provided a process for the production of a stretched 
poly(arylene thioether) block copolymer ?lm from a 
thermoplastic material composed of: 

20 

25 

35 

50 

55 

60 

65 

4 
(A) 100 parts by weight of a poly(arylene thioether) 

block copolymer (Component A) alternately compris 
ing (X) at least one poly(arylene thioetherketone) block 
having predominant recurring units of the formula 

CO 

wherein the —CO- and —S—- are in the para position 
to each other and (Y) at least one poly(arylene thioe 
ther) block having predominant recurring units of the 
formula 

(a) the ratio of the total amount of the poly(arylene 
thioether) block (Y) to the total amount of the poly(ary 
lene thioether-ketone) block (X) ranging from 0.05 to 5 
by weight, 

(b) the average polymerization degree of the poly 
(arylene thioether) block (Y) being at least 10, and 

(c) said block copolymer having a melt viscosity of 
50-100,000 poises as measured at 350° C. and a shear 
rate of 1,200/sec; 

(B) optionally, not greater than 100 parts by weight 
of at least one other thermoplastic resin (Component B); 
and 

(C) optionally, not greater than 15 parts by weight of 
at least one ?ller (Component C), which comprises 
stretching an amorphous ?lm made of the thermoplastic 
material at a draw ratio of 1.5-7 times in at least one 
direction within a temperature range of 90°-l70° C. and 
then heat setting the stretched ?lm at a temperature 
range of l60°-350' C. 

In the stretched ?lm of the present invention and the 
production process thereof, the thermoplastic material 
may further comprises, per 100 parts by weight of the 
poly(arylene thioether) block copolymer (Component 
A), 0.1-10 parts by weight of at least one basic com 
pound (Component D) selected from the group consist 
ing of hydroxides, oxides and aromatic carboxylates of 
group IIA metals of the periodic table other than mag 
nesium, and aromatic carboxylates, carbonates, hydrox~ 
ides, phosphates, including condensation products, and 
orates, including condensation products, of group IA 
metals of the periodic table and 0-10 parts by weight of 
at least one antioxidant (Component E) selected from 
the group consisting of hindered phenolic compounds, 
phosphorus compounds and hindered amine com 
pounds. Use of this thermoplastic material permits the 
provision of the stretched ?lms improved still further in 
melt stability. 
According to this invention, a stretched ?lm having 

high heat resistance, being less susceptible of develop 
ing gel-like substances and having excellent transpar 
ency, strength and melt stability can easily be obtained 
by a conventional melt processing technique from a 
thermoplastic material comprising a high-crystalline 
poly(arylene thioether) block _ copolymer, which has 
high melt stability sufficient to permit application of the 
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conventional melt processing technique, tends to de 
velop less gel-like substances and has good processabil 
ity and handling properties, or if desired, the thermo 
plastic material may comprise a composition of the 
block copolymer, at least one other thermoplastic resin 
and/or at least one filler. 

This invention can also provide stretched film having 
excellent physical properties while improving problems 
such as the melt viscosity increase, the crystallinity 
reduction and the sticking of thermal decomposition 
products to resin residence areas of melt processing 
equipment upon conventional melt processing by using 
the thermoplastic material with the basic compound or 
the like added further. 
The present invention will hereinafter be described in 

detail. 
“ Q DETAILED DESCRIPTION OF THE 

INVENTION 

[Component A] 
{Poly(Arylene Thioether) Block 

Copolymers}[Chemical structure of block copolymers] 

The poly(arylene thioether) block copolymer useful 
in the practice of the present invention is a block co 
polymer alternately comprising (X) at least one PTK 
block having predominant recurring units of the for 
mula 

wherein the —CO— and —S-— are in the para position 
to each other and (Y) at least one PATE block having 
predominant recurring units of the formula 

The block copolymer of the present invention can 
have a desired structure containing both blocks in an 
alternate order, such-as (X)(Y)-(X-)m(Y)-(X), m being 0 
or an integer of l or greater or (X-)€Y)-(X-)§(Y), n being 
0 or an integer of 1 or greater. 

It is however required that the weight ratio of the 
total amount of blocks (Y) to the total amount of blocks 
(X) be within a range of 0.05-5, preferably 0.1-4, more 
preferably 015-3. 
The block (X) serves to impart high degrees of heat 

resistance and crystallinity to the block copolymer. On 
the other hand, the block (Y) contributes to the reduc 
tion of the processing temperature and the granulation 
while maintaining the high crystallinity. Therefore, any 
weight ratios of the total amount of blocks (Y) to the 
total amount of blocks (X) smaller than 0.05 are too 
small to achieve any sufficient reduction in processing 
temperature or the granulation. To the contrary, any 
ratios greater than 5 lead to a substantial reduction in 
heat resistance and disturb the balancing between heat 
resistance and processability. Ratios outside the above 
range are therefore not preferred. 
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6 
It is essential for the block (Y) to have an average 

polymerization degree of at least 10, preferably 20 or 
higher. 

If the average polymerization degree of the block (Y) 
is smaller than 10, the resulting block copolymer be 
comes similar to a random copolymer so that physical 
properties such as crystallinity, heat resistance and melt 
stability are all reduced substantially. Such small aver 
age polymerization degrees are therefore not preferred. 
In addition, any unduly small average polymerization 
degree of the block (Y) leads to another problem that a 
block copolymer of high molecular weight can hardly 
be obtained. 
The block (X) and block (Y) can contain one or more 

recurring units other than their predominant recurring 
units of the formulae 

and 

5-7“ 

to an extent that the objects of this invention are not 
impaired. 
Exemplary recurring units other than the above re 

curring units may include: 

@tolggm 
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-continued 

5')‘, 

CN 

(wherein R means an alkyl group having 5 or less car 
bon atoms and m 

stands for an integer of 0-4.). 
In general, these other recurring units can be intro 

duced into the block copolymer by using the corre 
sponding various dihalogenated aromatic compounds as 
comonomers. 

[Physical properties of the block copolymer] 
Physical properties and other characteristics of the 

poly(arylene thioether) block copolymer useful in the 
practice of this invention will next be described in detail 
from the viewpoint of processability, melt stability, 
crystallinity and the like. 

(1) Processability: 
The melting point of PT K homopolymer is about 

360° C. The extent of a reduction in the melting point 
due to copolymerization with another monomer of a 
different kind, ATm=[360° C. - Tm (melting point of 
copolymer)] is generally proportional to the extent of a 
reduction in the melt processing temperature. Accord 
ingly, ATm can be used as an index indicative of pro 
cessing temperature reducing effect, namely, process 
ability improving effect. 

A'I'm may preferably be l0°-80° C., more preferably 
20°-70° C., most preferably 30°-60° C. If ATm is lower 
than 10° 0, there is a potential problem that the pro 
cessability improving effect may not be sufficient. If 
ATm is higher than 80° C., there is another potential 
problem that the block copolymer may lose the charac 
teristics as a heat-resistant resin. ATm outside the above 
range is therefore not preferred. 

(2) crystallinity: 
One of great features of the block copolymers ac 

cording to this invention resides in that they have not 
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8 
only excellent processability but also high crystallinity. 
Crystallinity imparts high heat resistance to a copoly 
mer. To have a block copolymer equipped with high 
heat resistance, it is essential that the block copolymer 
has sufficient crystallinity. 

In general, melt crystallization enthalpy AHmc is 
proportional to the degree of crystallization when a 
molten polymer undergoes crystallization. On the other 
hand, melt crystallization temperature Tmc serves as an 
index of the readiness of crystallization. Therefore, the 
melt crystallization enthalpy AHmc (400° C.) and melt 
crystallization temperature Tmc (400° C.) of a block 
copolymer according to this invention as measured 
when cooled at a rate of lO.C/min immediately after 
being heated to 400C in an inert gas atmosphere by 
means of a differential scanning calorimeter (hereinafter 
abbreviated as “DSC”) can be used.as indices of the 
crystallinity of the block copolymer. 

In addition, residual melt crystallization enthalphy, 
AHmc (400° C./ 10 min) and melt crystallization tem 
perature, Tmc (400° C./10 min) measurable upon deter 
mination of the residual crystallinity, both of which will 
be described subsequently, can be used as an index of 
not only melt stability but also crystallinity. 
The block copolymers of this invention may have a 

melt crystallization enthalpy, AHmc (400° C.) of at least 
15 J/ g, preferably at least 20 J/ g, and more preferably 
at least 25 J/g. On the other hand, Tmc (400° C.) may 
desirably be at least 180° C., with at least 200° C. being 
more preferred. Block copolymers having AI-Imc (400° 
C.) smaller than 15 J/ g or Tmc (400° C.) lower than 
180° C. may have insufficient heat resistance as heat 
resistant polymers and are hence not preferred. 

(3) Melt stability: 
The greatest feature of the block copolymers accord 

ing to this invention resides in that they have melt stabil 
ity sufficient to permit the application of conventional 
melt processing techniques. 

Polymers of poor melt stability tend to lose their 
crystallinity or to undergo crosslinking or carboniza 
tion, resulting in a rapid increase in melt viscosity, upon 
melt processing. 

It is hence possible to obtain an index of the melt 
processability of a polymer by investigating the residual 
crystallinity of the polymer after holding it at an ele 
vated temperature of its melt processing temperature or 
higher for a predetermined period of time. The residual 
crystallinity can be evaluated quantitatively by measur 
ing the melt crystallization enthalpy of the polymer by 
a DSC. 

Speci?cally described, it is possible to use as indices 
of the melt stability of a block copolymer its residual 
melt crystallization enthalphy, AHmc (400° C./l0 min) 
and melt crystallization temperature, Tmc (400° C./l0 
min), which are determined at a cooling rate of 10'' 
C./min after the block copolymer is held at 50° C. for 5 
minutes in an inert gas atmosphere, heated to 400° C. at 
a rate of 75° C./ min and then held for 10 minutes at 400° 
C. which is higher than the melt processing temperature 
of the block copolymer. 

In the case of a copolymer having poor melt stability, 
it undergoes crosslinking or the like under the above 
conditions, namely, when it is held for 10 minutes at the 
high temperature of 400° C., whereby the copolymer 
loses its crystallinity substantially. 
The block copolymers of this invention are polymers 

having the physical properties that their residual melt 



4,980,114 
9 

crystallization enthalpies, AHmc (400° C./ 10 min) are at 
least 10 J/ g, more preferably at least 15 J / g, most pref 
erably at least 20 'J/ g and their melt crystallization tem 
peratures, Tmc' (400° C./l0 min) are at least 170° C., 
more preferably at least 180° C., most preferably at least 
190° C. 
A block copolymer, whose AHmc (400° C./ 10 min) is 

smaller than 10 J/g or whose Tmc (400° C./l0 min) is 
lower than 170° C., tends to lose its crystallinity or to 
induce a melt viscosity increase upon melt processing, 
so that difficulties are encountered upon application of 
conventional melt processing techniques. 

Further, the ratio of melt crystallization enthalpy to 
residual melt crystallization enthalpy, namely, AHmc 
(400° C.)AHmc (400° C./ 10 min) can also be used as an 
index of melt stability. Deterioration by heat becomes 
smaller as this ratio decreases. Therefore, it is preferable 
that AHmc (400° C./l0 min) is at least 10 J/g and the 
above ratio is 5 or smaller, more preferably 3 or smaller. 

(4) Melt viscosity: _ 
In this invention, the melt viscosity if’ of each co 

polymer is used as an index of its molecular weight. 
Speci?cally, a polymer sample is ?lled in a Capiro 

graph manufactured by Toyo Seiki Seisaku-Sho, Ltd. 
and equipped with a nozzle having an inner diameter of 
1 mm and an L/D ratio of 10/1 and is preheated at 350° 
C. for 5 minutes. Its melt viscosity 11* is measured at a 
shear rate of 1,200/sec. 
The block copolymers of the present invention have 

a melt viscosity 1]‘ of 50—l00,000 poises, preferably 
l00—l0,000 poises, more preferably ISO-5,000 poises. 
Those having a melt viscosity 1]‘ lower than 50 poises 

have an unduly small molecular weight so that their 
?owability is too high to form ?lms by conventional 
melt processing techniques. Even if films are obtained, 
their physical properties are considerably inferior. Such 
low melt viscosities are therefore not preferred. On the 
other hand, those having a melt viscosity 1]‘ higher than 
100,000 poises have an unduly large molecular weight 
so that their ?owability is too low to apply conventional 
melt processing techniques. Such high melt viscosities 
are therefore not preferred either. 

Production Process of Block Copolymers 

Processes for the production of the block copolymers 
include: 

(1) addition of a dihalogenated aromatic compound 
consisting principally of a 4,4’-dihalobenzophenone and 
an alkali metal sul?de to PATE blocks (Y) prepared in 
advance, whereby they are reacted to form PT K blocks 
(X); and (2) chemical coupling of PTK blocks (X) and 
PATE blocks (Y), said blocks (X) and (Y) having been 
prepared separately. 
A. Raw materials for block copolymers: 
In the process for the production of a block copoly 

mer of this invention, are primarily employed an alkali 
metal sul?de and a dihalogenated aromatic compound 
as principal raw materials for the polymer as well as an 
organic amide solvent and water, including water of 
hydration, as reaction polymerization media. 

(1) Alkali metal sul?de: 
Illustrative examples of the alkali metal sul?de useful 

in the practice of this invention include lithium sul?de, 
sodium sul?de, potassium sul?de, rubidium sul?de, ce 
sium sul?de and mixtures thereof. 
These alkali metal sul?des may each be used as a 

hydrate or aqueous mixture or in an anhydrous form. 
(2) Dihalogenated aromatic compound: 
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10 
The dihalogenated aromatic compound employed in 

the present invention for the formation of the PTK 
block (X), including a PTK prepolymer, consists princi 
pally of one or more dihalobenzophenones, i.e., 4,4’ 
dichlorobenzophenone and/or 4,4’-dibromobenzophe 
none. 

The dihalogenated aromatic compound used for the 
formation of the PATE block (Y), including a PATE 
prepolymer, consists principally of a dihalobenzene 
such as p-dichlorobenzene or m-dichlorobenzene. 
As other copolymerizable dihalogenated aromatic 

compounds, may be mentioned, for example, dihaloben 
zophenones other than‘the 4,4'-isomers, dihaloalkylben 
zenes, dihalobiphenyls, dihalodiphenyl sulfones, dihalo 
naphthalenes, bis(halogenated phenyl)methanes, 
dihalopyridines, dihalothiophenes and dihalobenzoni 
trilcs, and mixtures thereof. 

It is also permissible to introduce a partially cross 
linked and/or branched structure by causing a trihalo 
genated or higher polyhalogenated compound to exist 
in a reaction system in such a small amount that the 
processability and physical properties of the copolymer 
may not be impaired to any substantial extent. 

(3) Organic amide solvent: 
As organic amide solvents useful for the present in 

vention, may be mentioned N-methylpyrrolidone, N 
ethylpyrrolidone, hexamethylphosphoric triamide, tet 
ramethylurea, dimethylimidazolidinone, dimethylacet 
amide, a mixed solvent thereof, etc. 

B. Polymerization process and reaction conditions: 
To prepare the PATE prepolymer in this invention 

any process conventionally known for the polymeriza 
tion of PATE can be adopted. However, for the reac 
tion in which the PTK is formed in the presence of the 
PATE prepolymer, for the preparation of the PTK 
prepolymer and for the reaction in which the PTK 
prepolymer and PATE prepolymer are combined to 
gether to form a block copolymer, it is necessary to 
conduct the reactions under special conditions, namely, 
by maintaining a high water content in the reaction 
systems, controlling the monomer compositions suit 
ably, regulating the polymerization temperatures appro 
priately, and limiting reaction time at high tempera 
tures. It is effective for the production of block copoly 
mers having more preferable physical properties, for 
example, to choose a suitable material for the reactor 
and to apply stabilization treatment in a ?nal stage of 
the reaction. 

Unless these reaction conditions are suitably con 
trolled, it is dif?cult to provide block copolymers hav 
ing melt stability suitable for conventional melt process 
ing. 

<Preparation processes of prepolymers>(l) PATE 
prepolymer: 

The PATE prepolymer employed as a raw material 
for the block copolymer of this invention can be pre 
pared by having an alkali metal sul?de and a dihalogen 
ated aromatic compound, which consists principally of 
a dihalobenzene, undergo a dehalogenation/sulfuration 
reaction in the presence of water in an organic amide 
solvent under the following conditions (a)—(c): 

(a) The ratio of the water content to the amount of 
the charged organic amide solvent is within a range of 
0.2-5 (mol/kg), preferably 0.5-4.5 (mol/kg). 

(b) The ratio of the amount of the charged dihalogen 
ated aromatic compound to the amount of the charged 
alkali metal sul?de is within a range of 0.8-1.05 (mol/ 
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mol), preferably 0.8-1.0 (mol/mol), more preferably 
0.85-0.95 (mol/mol). 

(c) The reaction is conducted at a temperature within 
a range of 200°—280° C., preferably 210°-250° C., and 
should be continued until the average polymerization 
degree of the resulting prepolymer reaches at least 10, 
preferably 20 or greater. 
When the ratio of the amount of the charged dihalo 

genated aromatic compound to the amount of the 
charged alkali metal sul?de is set at 0.95 or greater 
(mol/mol), notably, 1.0 or greater (mol/mol) as the 
above condition (b), the reaction product may be 
treated further with the alkali metal sul?de to prepare a 
PATE prepolymer containing more thiolate groups as 
reactive terminal groups. The PATE prepolymer may 
contain some crosslinked structure and/or branched 
structure introduced typically by allowing a trihaloben 
zene or higher polyhalobenzene to present in a small 
amount in the polymerization reaction system. 
The PATE prepolymer is supposed to be a polymer 

having an average polymerization degree of at least 10, 
preferably at least 20 in view of the physical properties 
required for the block copolymer to be obtained. 

In this invention, the number average molecular 
weight of the PATE block in the stage of the prepoly 
mer is determined by applying the method which relies 
upon the numbers of terminal thiol groups, thiolate 
groups and terminal halogen atoms. 

Incidentally, it is preferred from the standpoint of 
reactivity that the ratio of terminal thiolates, including 
thiol groups if any, to terminal halogen atoms in the 
PATE prepolymer chain is at least 0.3 (mol/mol), more 
preferably at least 0.5 (mol/mol). If this ratio is smaller 
than 0.3, the reactivity at the terminals of the PATE 
prepolymer is insufficient thereby to make it difficult to 
obtain a block copolymer. 

In passing, among the recurring units of the formula 

the paraphenylene sul?de unit of the formula 

is preferred because it can afford block copolymers 
excellent especially from the viewpoint of crystallinity, 
melt stability, heat resistance, mechanical properties 
and the like. (2) PTK prepolymer: 
The PT K prepolymer employed as a raw material for 

the block copolymer of this invention can be prepared 
in the following manner. 
Namely, the PTK prepolymer can be prepared by 

having an alkali metal sul?de and a dihalogenated aro 
matic compound, which consists principally of 4,4'— 
dichlorobenzophenone and/or 4,4'-dibromobenzophe 
none, undergo a dehalogenation/sulfuration reaction in 
the presence of water in an organic amide solvent under 
the following conditions (a)—(b): 
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(a) The ratio of the water content to the amount of 

the charged organic amide solvent is within a range of 
25-15 (mol/kg). 

(b) The reaction is conducted at a temperature within 
a range of 60°-300° C. with the proviso that the reaction 
time at 210° C. and higher is not longer than 10 hours, 
The PTK prepolymer may contain some crosslinked 

structure and/or branched structure introduced typi~ 
cally by allowing a trihalobenzophenone or higher 
polyhalobenzophenone to present in a small amount in 
the polymerization reaction system. 

<Production process of block copolymers (Process 
No. l)> 

As a production process for each block copolymer 
according to this invention, may be described the pro~ 
cess in which a PATE prepolymer is prepared in ad 
vance and at least one PT K block is formed in the pres 
ence of the PATE prepolymer. ' 

Practically, this process is the following two-step 
process: 
A process for the production of a poly(arylene thioe 

ther) block copolymer comprising (X) at least one PTK 
block and (Y) at least one PATE block, which com 
prises at least the following two steps: 

i) heating in the presence of water an organic amide 
solvent containing a dihalogenated aromatic com 
pound, which consists principally of a dihalobenzene, 
and an alkali metal sul?de, whereby a reaction mixture 
containing a poly(arylene thioether) prepolymer having 
predominant recurring units of the formula 

and reactive terminal groups is formed, and 
ii) mixing the reaction mixture, which has been ob 

tained in the step i), with a dihalogenated aromatic 
compound consisting principally of at least one dihalo 
benzophenone selected from 4,4'-dichlorobenzophe 
none and 4,4’-dibromobenzophenone, an alkali metal 
sul?de, an organic amide solvent and water and heating 
the resultant mixture to form a PTK block having pre 
dominant recurring units of the formula 

CO 

wherein the —-CO— and —S-— are in the para position 
to each other, 

said first and second steps i) and ii) being conducted 
under the following conditions (a)—(t): 

(a) in the ?rst step i), the ratio of the water content to 
the amount of the charged organic amide solvent being 
0.2-5 (mol/kg), the ratio of the amount of the charged 
dihalogenated aromatic compound to the amount of the 
charged alkali metal sul?de being 0.8-1.05 (mol/mol), 
and the polymerization being conducted until the aver 
age polymerization degree of the poly(arylene thioe 
ther) prepolymer becomes at least 10 , 
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(b) in the second step, the ratio of the water content 
to the amount of the charged organic amide solvent 
being controlled within a range of 2.5-15 (mol/kg), 

(c) in the second step, the ratio of the total amount of 
the charged dihalogenated aromatic compound, said 
total amount being the amount of the whole dihalogen 
ated aromatic compounds including the dihalobenzene 
and the dihalobenzophenone to the total amount of the 
charged alkali metal sul?de, said latter total amount 
being the total amount of the alkali metal sul?de 
charged in the ?rst step i) and that charged in the sec 
ond step ii), being controlled within a range of 0.95-l.2 
(mol/mol), 

(d) the ratio of the charged amount of the dihalogen 
ated aromatic compound consisting principally of the 
dihalobenzophenone to the charged amount of the di 
halogenated aromatic compound consisting principally 
of the dihalobenzene being controlled within a range of 
0.1-10 (mol/mol), . - 

(e) the reaction of the second step ii) being conducted 
within a temperature range of l50°-300° C. with the 
proviso that the reaction time at 210° C. and higher is 
not longer thanlO hours, and 

(f) in the second step ii), the reaction is conducted 
until the melt viscosity of the resulting block copolymer 
becomes 50—l00,000 poises as measured at 350° C. and a 
shear rate of 1,200/ sec 

<Production process of block copolymers (Process 
No. 2)> 

As another production process for each block co 
polymer according to this invention, may be described 
the process in which PATE prepolymer and PTK pre 
polymers are prepared in advance and are then reacted 
to combine them together. This process is practically 
the following 3-step process: 
A process for the production of a poly(arylene thioe 

ther) block copolymer comprising (X) at least one PTK 
block and (Y) at least one PATE block, which com 
prises at least the following three steps: 

i) heating in the presence of water an organic amide 
solvent containing a dihalogenated aromatic com 
pound, which consists principally of a dihalobenzene, 
and an alkali metal sul?de, whereby a ?rst reaction 
mixture containing a PATE prepolymer having pre 
dominant recurring units of the formula and 

and reactive terminal groups is formed, 
ii) heating in the presence of water an organic amide 

solvent containing a .dihalogenated aromatic com 
pound, which consists principally of at least one dihalo 
benzophenone selected from 4,4’-dichlorobenzophe 
none and 4,4’-dibromobenzophenone, an. alkali metal 
sul?de, whereby a second reaction mixture containing a 
PTK prepolymer having predominant recurring units 
of the formula 
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CO 

wherein the —-CO--— and —S— are in the para position 
to each other and reactive terminal groups is formed, 
and 

iii) mixing and reacting the ?rst reaction mixture, 
which has been obtained in the ?rst step i) and contains 
the PATE prepolymer, with the second reaction mix 
ture obtained in the second step ii) and containing the 
PTK prepolymer; 

said ?rst through third steps i)-iii) being conducted 
under the following conditions (a)-(g): 

(a) in the ?rst step i), the ratio of the water content to 
‘ the amount of the charged organic amide solvent being 
0.2-5 (mol/kg), the ratio of the amount of the charged 
dihalogenated aromatic compound to the amount of the 
charged alkali metal sul?de being 0.8-1.05 (mol/mol), 
and the polymerization being conducted until the aver 
age polymerization degree of the PATE prepolymer 
becomes at least 10, 

(b) in the second step, the ratio of the water content 
to the amount of the charged organic amide solvent 
being controlled within a range of 2.5-15 (mol/kg) and 
the reaction being conducted within a temperature 
range of 60°—-300° C. with the proviso that the reaction 
time at 210° C. and higher is not longer than 10 hours, 

(c) in the third step, the ratio of the water content to 
the amount of the charged organic amide solvent being 
controlled within a range of 2.5-15 (mol/kg), 

(d) in the third step, the ratio of the total amount of 
the charged dihalogenated aromatic compound, said 
total amount being the amount of the whole dihalogen 
ated aromatic compounds including the dihalobenzene 
and the dihalobenzophenone to the total amount of the 
charged alkali metal sul?de, said latter total amount 
being‘ the total amount of the alkali metal sul?de 
charged in the ?rst step i) and that charged in the sec 
ond step ii), being controlled within a range of 0.95-1.2 
(mol/mol), 

e) the ratio of the whole poly(arylene thioether) pre 
polymer to the whole poly(arylene thioether-ketone) 
prepolymer being controlled at 0.05-5 by weight, 

(f) the reaction of the third step iii) being conducted 
within a temperature range of l50°-300° C. with the 
proviso that the reaction time at 210° C. and higher is 
not longer than 10 hours, and 

(g) in the third step iii), the reaction is conducted until 
the melt viscosity of the resulting block copolymer 
becomes 50—l00,000 poises as measured at 350° C. and a 
shear rate of 1,200/sec. 

In the process for the production of each of the PTK 
prepolymer and the block copolymer, it is preferable to 
use, as a reactor (including equipment employed for 
provisional procedures of the polymerization reaction, 
for example, those required for dehydration and the 
like), a reactor made of a corrosion-resistant material at 
least at portions with which the reaction mixture is 
brought into direct contact. The corrosion-resistant 
material is supposed to be inert so that it does not react 
with the reaction mixture. Preferred examples of the 
corrosion-resistant material include titanium materials 
such as titanium and titanium-containing alloys. 
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Further, in a ?nal stage of the reaction, at least one 
halogen-substituted aromation compound having at 
least one substituent group having electron withdraw 
ing property at least equal to -—CO- group (prefera 
bly, 4,4’-dichlorobenzophenone and/or 4,4'-dibor 
mobenzophenone employed as a monomer) may be 
added to the reaction system to react it to the above 
obtained block copolymer, whereby a block copolymer 
improved further in melt stability can be obtained. 
Here, it should be noted that the term “?nal stage of the 
reaction” as used herein means a period after the lapse 
of about one third of the overall period of the reaction 
from the initiation thereof. Further, the amount of the 
halogen-substituted aromatic compound charged in the 
?nal stage of the reaction is not included in the above 
described amount of the charged dihalogenated aro 
matic compound. 

' Thermoplastic Materials 

The thermoplastic material usable in the present in 
vention is obtained by blending the poly(arylene thioe 
ther) block copolymer (Component A) optionally with 
at least one other thermoplastic resin (Component B) 
and/or at least one ?ller (Component C) in order to 
modify and/or improve various physical properties of 
the block copolymer, such as mechanical properties, 
electrical properties, thermal properties and chemical 
properties, to modify and/or improve its processability 
and to reduce the production cost of the stretched ?lm. 
In addition, the composition may also be added with a 
basic compound (Component D) which is a melt stabi 
lizer for Component A, optionally along with an antiox 
idant (Component E). 
Other components of the thermoplastic material us 

able in the present invention will hereinafter be de 
scribed speci?cally. 

[Component B . . . Thermoplastic Resin] 

Each thermoplastic material usable in the present 
invention may contain as Component B at least one 
thermoplastic resin in a proportion of 0-100 parts by 
weight, preferably 0-90 parts by weight, more prefera 
bly 0-80 parts by weight, per 100 parts by weight of 
Component A. If the proportion of Component B ex 
ceeds 100 parts by weight, the easy processability of the 
block copolymer will be impaired so that the stretched 
?lm will become insuf?cient in the prevention of devel 
opment of gel-like substances, strength and heat resis 
tance. 
As exemplary thermoplastic resins useful as Compo 

nent B in the present invention, may be mentioned res 
ins such as poly(arylene thioethers), poly(arylene 
thioether-ketones), aromatic polyether ketones, e.g., 
PEEKs and PEKs, polyamides (including Aramids), 
polyarnideimides, polyesters (including aromatic poly 
esters and liquid crystalline polyesters), aromatic poly 
sulfones, e.g., polysulfones and polyether sulfones, 
polyether imides, polyarylenes, poly(phenylene ethers), 
polycarbonates, polyester carbonates, polyacetals, ?uo 
ropolymers such as polytetra?uoroethylene, polyole 
?ns, polystyrenes, polymethyl methacrylates, and ABS; 
as well as elastomers such as ?uororubbers, silicone 
rubbers, ole?n rubbers, acrylic rubbers, polyisobutyl 
enes (including butyl rubber), hydrogenated SBR, poly 
amide elastomers and polyester elastomers. These ther 
moplastic resins may be used either singly or in combi 
nation. 
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Of the above thermoplastic resins, poly(arylene thioe 

thers), particularly poly(arylene thioethers) containing 
predominant recurring units of the formula 

(in a proportion of at least 50 wt.%), poly(arylene 
thioether-ketones) containing predominant recurring 
units of the formula 

wherein the —CO- and —S— are in the para position 
to each other, and mixtures thereof show excellent com 
patibility when blended with the block copolymer of 
this invention, judging from the glass transition temper 
ature of the blends as measured by a DSC, their crystal 
lization temperatures T01 from a glass state, their crys 
tallization temperature Tc; from a molten state and the 
peak behaviours of the melting points of their crystals. 
These compositions have also been found to have the 
marked feature that they can provide transparent mold 
ings under amorphous conditions when they are free of 
any ?ller. [Component C... Filler] 
Each thermoplastic material usable in the present 

invention may contain as Component C at least one 
?ller in a proportion of up to 15 parts by weight per 100 
parts by weight of Component A. If the proportion of 
Component C exceeds 15 parts by weight, there is a 
potential problem that the processability may be re 
duced. Such a large proportion is therefore not pre 
ferred. 
As exemplary ?llers useful as Component C in the 

invention, may be mentioned ?brous ?llers such as glass 
?bers, carbon ?bers, graphite ?bers, silica ?bers, alu 
mina ?bers, zirconia ?bers, silicon carbide ?bers and 
Aramid ?bers as well as whiskers and the like including 
potassium titanate whiskers, calcium silicate (including 
wollastonite) whiskers, calcium sulfate whiskers, car 
bon whiskers, silicon nitride whiskers and boron whis 
kers; and also inorganic ?llers such as talc, mica, kaolin, 
clay, silica, alumina, silica-alumina, titanium oxide, iron 
oxides, chromium oxide, calcium carbonate, calcium 
silicate, calcium phosphate, calcium sulfate, magnesium 
carbonate, magnesium phosphate, silicon, carbon (in 
cluding carbon black), graphite, silicon nitride, molyb 
denum disul?de, glass, hydrotalcite, ferrite, samarium 
cobalt, neodium-iron-boron, etc., all in a powder form. 
These ?llers may be used either singly or in combina 

tion. 

[Component D...Basic Compound] 
Addition of a speci?c basic compound to the thermo 

plastic material in the present invention can reduce or 
prevent the melt viscosity increase or crystallinity re» 
duction due to thermal modi?cation and/or thermal 
deterioration, the sticking of thermal decomposition 
products at resin residence areas of melt processing 
equipment, etc. upon melt processing. In addition, these 
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stabilizing effects will be enhanced further by combined 
use of the basic compound with a speci?c antioxidant. 
As basic compounds, non-oxidative, heat-resistant 

and low volatile compounds, more speci?cally, the 
hydroxides, oxides and aromatic carboxylates of Group 
IIA metals of the periodic table other than magnesium, 
and aromatic carboxylats, carbonates, hydroxides, 
phosphates (including condensation products) and bo 
rates (including condensation products) of Group IA 
metals of the periodic table may be mentioned. 
Among these basic compounds, the hydroxides and 

oxides of calcium and barium, as well as the lithium, 
sodium and potassium salts of aromatic carboxylic acids 
such as naphthalene monocarboxylic acid and polycar 
boxylic acids, arylbenzoic acids, benzene monocarbox 
ylic acid and polycarboxylic acids and hydroxybenzoic 
acids are preferred. Among the above-exempli?ed basic 
compounds, the hydroxides of calcium and barium are 
particularly preferred. 
The proportion of the basic compound in the thermo 

plastic material of this invention is 0.1-l0 parts by 
weight, preferably 0.2-5 parts by weight, more prefera 
bly 0.3-2 parts by weight, all, per 100 parts by weight of 
the poly(arylene thioether) block copolymer. If the 
proportion of the basic compound is smaller than 0.1 
part by weight, its stabilizing effects cannot be exhibited 
to any sufficient degree. On the other hand, any propor 
tions greater than 10 parts by weight involve a potential 
problem that the block copolymer may be decomposed 
or electrical properties and the like may be deteriorated. 

[Component E...Antioxidant] 
As antioxidants used in combination with the basic 

compound, radical chain terminators and peroxide de 
composers, more speci?cally, hindered phenolic com 
pounds, phosphorus compounds and hindered amine 
compounds may be mentioned. 
As exemplary hindered phenolic compounds, may 

typically be mentioned l,3,5-trimethyl-2,4,6-tris- 3,5-di 
t-butyl-4-hydroxybenzyDbenzene and compounds anal 
ogous thereto as well as octadecyl-3-(3,5-di-t- butyl-4 
hydroxyphenyl)propionate, pentaerythrityl-tetrakis[3 
(3,5—di-t-butyl-4-hydroxyphenyl)propionate]and 2,2 
thio-diethylenebis[3-(3,5-di-t-butyl-4~hydroxyphenyl) 
propionate]. 
As phosphorus compounds, those containing a triva 

lent phosphorus atom are preferred. 
As typical examples of such trivalent phosphorus 

compounds, tris(2,4-di-t-butylphenyl)phosphite, bis 
(2,6-di-t-butyl-4-methylphenyl)pentaerythritol di 
phosphite, distearylpentaerythritol diphosphite and tet 
rakis(2,4-di-t-butylphenyl) 4,4° -biphenylene -diphos 
phinate may be mentioned. 
As typical exemplary hindered amine compounds, 

poly([6-(l, l,3,3-tetramethylbutyl)imino-1,3,5-triazin 
2,4-diyl][(2,2,6,6-tetramethyl-4-piperidyl)imino]hex 
amethylene [(2,2,6,6-tetramethyl-4-piperydyl)-iminol] 
}and compounds analogous thereto may be mentioned. 
As antioxidants, low-volatile and decomposition 

resistant ones, particularly, the above-described phos 
phorus compounds are preferred. These antioxidants 
may be used either singly or in combination. When used 
in combination, the combination of a radical chain ter 
minator and a peroxide decomposer is preferred. 
The proportion of the antioxidant in the composition 

of this invention is 0-10 parts by weight, preferably 
0.01-5 parts by weight, more preferably 0.1-2 parts by 
weight, per 100 parts by weight of the poly(arylene 
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18 
thioether) block copolymer. If the proportion of the 
antioxidant is smaller than 0.01 part by weight, it cannot 
exhibit a suf?cient stabilizing effect. On the contrary, 
any proportions greater than 10 parts by weight involve 
a potential problem that more gas components may be 
evolved and/ or electrical properties and the like may be 
deteriorated. 

[Optional Components] 
Each thermoplastic material usable in the present 

invention may optionally contain, as needed, additives 
such as light stabilizers, rust inhibitors, lubricants, sur 
face-roughening agents, nucleating agents, mold releas 
ing agents, colorants, coupling agents, ?ashing preven 
tives and/ or antistatic agents. 
Zinc compounds such as zinc oxide and zinc carbon 

ate are particularly preferred as scavengers for corro 
sive gas. 

Blending Method 
Thermoplastic materials usable in the present inven 

tion can each be prepared by one of various conven 
tional blending methods including the blending of the 
individual components by a dry blending method. 
Although all the components of the thermoplastic 

material including optional components may be added 
simultaneously, they can also be blended in an arbitrary 
order. For instance, after Component A and Compo 
nent D are blended in advance, the mixture thus 
obtained is added with the other components. 
Component A and Component D are blended in ad 

vance by a dry-blending method in which Component 
D in the form of a dry powder is added to Component 
A, or by a wet method in which Component D in a wet 
form such as a solution or a slurry is added to Compo 
nent A and the solvent is then removed to dry the resul 
tant mixture. These mixtures can be separately molten 
and kneaded further, as needed, to provide molten and 
kneaded mixtures. In this case, Component E may also 
be used jointly as desired. 
When Component D is blended after addition of 

Component B and/or Component C to Component A, 
their blending may be carried out in the same manner as 
the above-described blending method for Component 
D. 
Dry blending method is preferred from the viewpoint 

that no drying step be required. 

Process for the production of stretched ?lms 

The stretched ?lm of the present invention can be 
produced by melt forming the poly(arylene thioether) 
block copolymer alone or the thermoplastic material 
into a ?lm by a conventional T-die method (extrusion 
using a T-die), inflation (extrusion using a ring die), hot 
pressing or the like, stretching the film and then heat 
setting the same. The thermoplastic material is a compo 
sition which is composed of 100 parts by weight of the 
poly(arylene thioether) block copolymer and optionally 
up to 100 parts by weight of at least one other thermo 
plastic resin and/or up to 15 parts by weight of at least 
one ?ller. 

Speci?cally described, a substantially amorphous ?lm 
is obtained, for example, by feeding the above described 
thermoplastic material to an extruder equipped with a 
T-die or ring die in the surrounding atmosphere or in an 
inert gas atmosphere, melt-forming the material into a 
?lm at 300°—380° C. and then quenching the ?lm or by 
pressing the material into a ?lm while heating and melt 
ing it at 300°—3 80° C. on a hot press and then quenching 
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the ?lm. Incidentally, the term “substantially amor 
phous ?lm” as used herein means a ?lm which can be 
stretched in a temperature range around its glass transi 
tion temperature. In such a ?lm, the ratio 
(ASTc/ASTm) of the area (ASTc) of an exothermic 
peak occurred upon crystallization to the area (ASTm) 
of an endothermic peak appeared upon melting of crys 
tals when heated at a rate of 10° C./min from room 
temperature by a DSC should be 0.1 or greater. 

If the amorphous ?lm is obtained from the thermo 
plastic material composed of the poly(arylene thioe 
ther) block copolymer and at least one other thermo 
plastic resin so that plural endothermic peaks and plural 
exothermic peaks appear upon melting of crystals and 
upon crystallization respectively, it is possible to use 
values obtained respectively by adding areas corre 
sponding to the respective heat quantities. 

Incidentally, when an extruder such as a T-die ex 
truder is used, the extruder may preferably be made of 
a corrosion resistant metal at areas where a molten resin 
is brought into contact with the extruder. Preferably; 
the extruder is vented. 
The amorphous ?lm thus obtained is next stretched 

by a stretching machine such as rolls, a tenter or the like 
in a temperature range of 90°—170° C. and at a draw 
ratio of 1.5-7 times in one direction (along a single axis) 
or in two directions, one being a desired direction and 
the other being perpendicular to said desired direction 
(along two axes) at a draw ratio of 1.5-7 times respec 
tively. When the ?lm is stretched along the two axes, 
either sequential biaxial stretching or simultaneous biax 
ial stretching can be used. 
When uniaxial stretching is performed, a ?lm is 

stretched in one direction in a temperature range of 
90°—l70° C., preferably 1l0°~l60° C., at a draw ratio of 
1.5-7 times, preferably 2'~6 times so that the birefrin 
gence of the ?lm may become at least equal to 0.05 but 
not greater than 0.4. After the stretching, it is heat-set at 
a temperature of l60’-350° C. 

If the stretching temperature is lower than 90° C., it is 
dif?cult to perform the stretching and the ?lm tends to 
undergo considerable tearing, while at stretching tem 
peratures higher than 170° C., the ?lm become brittle by 
crystallization and again tends to undergo severe tear 
ing. Judging from the degree of orientation, the tearing 
of the film, etc. the 

preferred draw ratio falls within a range of 1.5-7 
times. 
When sequential biaxial stretching is performed, the 

?rst-stage stretching is performed, like the uniaxial 
stretching, within a temperature range of 90"—170° C., 
preferably l10°-l60° C., at a draw ratio of 1.5-7 times, 
preferably 2-5 times so that the birefringence of the ?lm 
may become at least equal to 0.05 but not higher than 
0.3. It is then subjected to the second-stage stretching 
within a temperature range of 90°—l70° C., preferably 
ll0°-l60° C. and at a draw ratio of 1.5-7 times, prefera 
bly 2-6 times in a direction perpendicular to the direc 
tion of the ?rst stage stretching and after that, it is heat 
set at a temperature of l60°—350° C. If the second-stage 
stretching temperature is lower than 90° C., it is dif?cult 
to perform the stretching and the ?lm tends to undergo 
considerable tearing, while at temperatures higher than 
170° C., the film become brittle by crystallization and 
again tends to undergo severe tearing. Judging from the 
degree of orientation, the tearing of the ?lm, etc. the 
preferred draw ratio of the second-stage stretching falls 
within a range of 1.5-7 times. 

20 

25 

30 

35 

45 

65 

20 
When simultaneous biaxial stretching is performed, 

the ?lm is stretched within a temperature range of 
90°-l70° C., preferably l10°-160° C. and at a draw ratio 
of 1.5-7 times, preferably 2-6 times in each of the ma 
chine and transverse directions. In this case, the bire 
fringence of the ?lm may fall within a range of 0-0.35. 
After the stretching, it is heat-set at a temperature of 
160-350" C. Stretching temperatures lower than 90' C. 
are not preferable, because they are so low that the ?lm 
tends to undergo tearing or whitening. If the stretching 
temperature is higher than 170° C., the ?lm can hardly 
be stretched and moreover become prone to tearing 
owing to crystallization which takes place before or 
during the stretching. If the draw ratio is lower than 1.5 
times, on the other hand, it is only possible to provide 
?lms insuf?cient in mechanical characteristics such as 
strength and modulus of elasticity. When stretched at a 
draw ratio higher than 7 times, the ?lm tends to un 
dergo severe whitening and/or tearing. 
The ?lm is heat-set under stress (tension) for l-3000 

seconds, preferably 5-2500 seconds at a temperature of 
l60°—350° C., preferably at l80'—340° C., while control 
ling its deformation within :20%. 

After the heat-setting, the resultant ?lm may be sub 
jected, if necessary, to thermal relaxation at 200°—340° 
C. for l-3000 seconds, preferably 5-2000 seconds sub» 
stantially under no stress. By the heat setting, the thus 
stretched ?lm has an increased density and further, 
improved heat resistance, dimensional stability, me 
chanical strength and so on. 

In order to obtain a stretched ?lm having practical 
utility, it is necessary that in the uniaxial stretching, the 
birefringence (difference between the refractive index 
in the stretched direction and that in a direction perpen 
dicular to the stretched direction) of the uniaxially 
stretched film be adjusted to a value at least equal to 
0.05 but not higher than 0.4. If the birefringence of the 
?lm is lower than 0.05, suf?cient strength is not avail 
able at high temperatures. A birefringence higher than 
0.4 in contrast, the ?lm tends to undergo splitting and 
moreover, because of whitening, it can not have suf? 
cient strength. When second-stage stretching is per 
formed after the ?rst-stage stretching, birefringences 
lower than 0.05 after the ?rst-stage stretching tend to 
cause puckering during subsequent heat-treatment or 
the biaxially-stretched ?lm tends to undergo splitting in 
the direction of the ?rst-stage stretching. At the bire 
fringences higher than 0.3, on the other hand, the ?lm 
tends to undergo whitening or in some instances, split 
ting in the course of the stretching, so that the stretch 
ing becomes no longer feasible. Thus, such an exces 
sively low or high birefringence is not preferred. In 
order to control the birefringence of the uniaxially 
stretched ?lm within the above range, it is only neces 
sary to perform stretching under the conditions speci 
?ed above. 

It has also been found that in addition of good heat 
stability, the poly(arylene thioether) block copolymer 
employed in the present invention can be melt extruded 
at a processing temperature lower by l0°—60° C. than 
blends of the PATE-PTK system. For a blend of the 
above system, the blending is generally conducted at a 
high temperature and under a high shearing stress to 
blend both the resin components as uniform as possible 
in the blending step. Such a blending step however 
tends to cause heat deterioration of the resin compo 
nents, thereby inevitably resulting in the formation of 
gel-like substances. Moreover, it is dif?cult to achieve 
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suf?cient blending even at such a high temperature and 
under such a high shearing stress because of the differ 
ence in melt viscosity and chemical properties between 
the polymers blended. It has been found, however, that 
the poly(arylene thioether) block copolymer employed 
in this invention does not require such high temperature 
and high shearing stress. This allows to avoid high-tem 
perature melt extrusion which tends to cause deteriora 
tion of the resins. It has therefore been found that cou 
pled with the good melt stability of the block copoly 
mer, ?lms having good melt stability and almost free of 
the formation of gel-like substances can be obtained. 
Moreover, the ?lms exhibit heat resistance at least com 
parable with that of the ?lms obtained from blends of 
the PATE-PTK system and have excellent transpar 
ency and mechanical properties. 
A high-lubricity ?lm whose coef?cient of surface 

dynamic friction as measured against a ?lm of the same 
type at 25° C. in accordance with ASTM-Dl894 is 0.7 
or smaller can be obtained, for example, by adding a 
small amount of calcium carbonate, kaolin, clay, alu 
mina, silica, titanium oxide or the like as a solid powder 
to the poly(arylene thioether) block copolymer or a 
composition of the poly(arylene thioether) block co 
polymer and at least one other thermoplastic resin and 
then forming the resultant mixture into a flm; by treat 
ing the surface of an unstretched ?lm with an organic 
solvent having high compatibility with block copoly 
mer and then stretching the thus-treated ?lm; or by 
roughening the surface of a stretched ?lm by sand-blast 
ing or with surface-roughening rolls or the like. 

Physical properties of stretched ?lms 
The stretched ?lms of this invention generally have 

an average thickness of 0.l—3000 pm, preferably 1-2000 
um and exhibit the following physical properties: 
They have a tensile strength a break (23° C.) of 5 

kg/mm2 or higher and a tensile elongation at break (23° 
C.) of 10 % or more as measured in accordance with 
ASTM-D638. 

In addition, the stretched ?lms of this invention are 
good in dimensional stability at high temperatures, di 
electric strength, and the like. 

(Application ?elds) 
The stretched films of the present invention can be 

used for a wide range of applications such as base ?lms 
for magnetic recording media (including ?lms for vac 
uum deposition or sputtering and ?lms for magnetic 
recording films of the perpendicular magnetization 
type), ?lms for capacitors (including ?lms for chip-type 
capacitors), printed circuit boards (including both ?exi 
ble and rigid types), insulating ?lms, printer tapes, 
stampable sheets, various trays, containers, separation 
membranes, ?ltering membranes and ion-exchange resin 
membranes. 

ADVANTAGES OF INVENTION 

According to this invention, stretched ?lms having 
excellent transparency, strength, heat resistance, electri 
cal properties, etc. are provided. 
The stretched ?lms of this invention use, as a raw 

material, a high-crystalline block copolymer, which has 
high melt stability enough for permitting application of 
conventional melt processing techniques, has a suf? 

' cient molecular weight and can be produced at an eco 
nomical cost, either alone or as a thermoplastic material 
added with one or more components with a view 
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toward modifying or otherwise changing the block 
copolymer. Therefore they have practical mechanical 
properties and also excellent other physical properties 
with the development of less gel-like substances. 

EMBODIMENTS OF THE INVENTION 

The present invention will hereinafter be described in 
further detail by the following examples, experiments 
and comparative examples. It should however be borne 
in mind that the present invention is not limited only to 
the following examples and experiments so long as they 
do not depart from the spirit or scope of the invention. 

[Synthesis Experiment 1] (Synthesis of block copolymer 
by Production Process No. 1) 

(Synthesis of PATE prepolymer) 
A titanium-lined reactor was charged with 225.5 kg 

of hydrated sodium sul?de (water content: 53.9 wt.%) 
and 500 kg of N-methylpyrrolidone (hereinafter abbre 
viated as “NMP”). While gradually heating the con 
tents to 187° C. in a nitrogen gas atmosphere, 104 kg of 
an NMP solution, which contained 86.3 kg of water, 
and 34.9 moles of hydrogen sul?de were distilled out. 
Thereafter, 171.8 kg of p-dichlorobenzene (hereinafter 
abbreviated as “PDCB”) and 167 kg of NMP were then 
fed, followed by polymerization at 220° C. for 10 hours 
(PDCB/sodium sul?de =0.9 mol/mol; water con 
tent/NMP =3 mol/kg). 

After cooling to 50° C., a portion of the slurry of the 
reaction liquid containing the prepolymer was sampled 
out and the concentration of active terminal groups was 
measured by the method which will be set out subse 
quently. 
The concentration of terminal thiolate groups and 

terminal thiol groups was 462><l0—6 equivalent per 
gram of the prepolymer P1, while the concentration of 
terminal chlorine groups was 34X 10-6 equivalent per 
gram of the prepolymer. The number average molecu 
lar weight of the prepolymer as determined from the 
numbers of those terminal groups was 4032 (average 
polymerization degree: 37). 

Analytical methods 
<Ana1ysis of terminal thiol groups or thiolate groups > 

After completion of the polymerization of the pre 
polymer, a portion of the slurry as the reaction liquid 
was sampled out and then poured into water to have the 
polymer precipitated. The prepolymer was collected by 
?ltration, washed in distilled water and then treated 
with dilute hydrochloric acid, whereby terminal thio 
late groups were converted into thiol groups. The re 
sulting polymer was washed for 30 minutes in pure 
water and for additional 30 minutes in acetone and then 
dried at room temperature under reduced pressure in a 
vacuum drier, thereby obtaining a polymer sample. 
Right after that, about 10 mg to l g of the polymer 
sample was weighed and placed in a stopper-equipped 
test tube, followed by the addition of 2.5 ml of an ace 
tone solution consisting of 2.5 ml of acetone and 50 
mmol of iodoacetamide. The test tube was hermetically 
closed and then heated at 100° C. for 60 minutes. The 
test tube was thereafter cooled with water and opened. 
The liquid-phase portion was separated.‘ The absor 
bance at 450 nm (i.e., the absorbance of iodine) was 
measured by means of a spectrophotometer. 

Using a calibration curve prepared in advance with 
respect to the thiol compound 
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(c1 sn) 

as a standard, the concentration of terminal thiol groups 
was calculated from the absorbance. (The amount of 
each sample should be chosen suitably so that the con 
centration of thiol groups in a corresponding acetone 
slurry falls within a range of 0.1-0.3 mmol.) Analysis 
was conducted three times on the same dried sample to 
determine the average value of the concentration of 
terminal thiol groups. 

<Analysis of terminal halogen groups> 

Quantitative analysis of terminal halogen atoms was 
conducted using an X-ray ?uorescence analyzer 
(model: “3080E2”; manufactured by Rigaku Denki 
Kabushiki Kaisha). 

<Determination of number average molecular 
weight> 

Each number average molecular weight was deter 
mined from the data of terminal thiol groups, including 
thiolate groups, and halogen groups in accordance with 
the following equation: 

Number average _ Sample weight (g) 
molecular weight _ i (Number of terminal thiol groups + 

Number of terminal halogen groups) 

(Synthesis of block copolymer) 
A titanium-lined reactor containing 957.4 kg of the 

reaction liquid slurry of the PATE prepolymer was 
charged with 29.8 kg of hydrated sodium sul?de (water 
content: 54.0 wt.%), 80.5 kg of 4,4’-dichlorobenzophe 
none (hereinafter abbreviated as “DCBP”), 328 kg of 
NMP and 127.8 kg of water. After the reactor being 
purged with nitrogen gas, the contents were heated to 
260° C. at which they were polymerized for 2 hours. 
The reaction conditions upon synthesis of the block 

copolymer were as follows: 
(1) The molar ratio of the total amount of the charged 

dihalogenated aromatic compounds [the sum of the 
amount of PDCB charged upon synthesis of the pre 
polymer and the amount of DCBP charged upon syn 
thesis of the block copolymer]to the total amount of the 
charged alkali metal sul?de [the sum of the amount of 
effective sodium sul?de charged upon synthesis of the 
prepolymer and the amount of sodium sul?de charged 
upon synthesis of the block copolymer]was 1.01. 

(2) The ratio of the amount of DCBP to the amount 
of PDCB, charged upon synthesis of the prepolymer, 
was 32:68 by weight. 

(3) The ratio of the water content to the organic 
amide (NMP) was about 10 mol/kg. 

(Collection of block copolymer) 
The resultant reaction mixture in the form of a_slurry 

was diluted with a substantially equal amount of NMP 
and the granular polymer thus obtained was collected 
by a screen having an opening size of 150 pm (100 
mesh). The polymer was washed three times with meth 
anol and further three times with water, and then dried 
at 100° C. for 24 hours under reduced pressure to obtain 
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a block copolymer (Block Copolymer B1). The collec 
tion rate of the Block Copolymer B1 was 75%. 

(Inherent properties of Block Copolymer) 
Block Copolymer B1 was in the form of pearl-like 

granules having an average size of 680 pm and had a 
bulk density of 0.58 g/dl. 
By an infrared (IR) spectrum analysis, a strong ab 

sorption peak attributed to ketone groups was observed 
at 1640 cm—1. Wide angle X-ray diffraction which was 
conducted using “RAD-B System”; manufactured by 
Rigaku Denki Kabushiki Kaisha) showed a diffraction 
pattern corresponding to the block copolymer, said 
pattern being apparently different from that of the cor 
responding PATE homopolymer or PTK homopoly 
mer or from that of a blend thereof. 
The content of sulfur in Block Copolymer B1 was 

determined by the combustion ?ask method and ion 
chromatography (IC method). Namely, Block Copoly 
mer B1 was caused to burn in a ?ask and the resulting 
combustion gas was absorbed in aqueous hydrogen 
peroxide solution, whereby the sulfur content of the 
block copolymer was converted into sulfate groups. 
The sulfur content was then quantitatively analyzed 
using an ion chromatographic apparatus equipped with 
an electrical conductivity detector (“IC-SOO”; manufac 
tured by Yokogawa Electric Corporation). The weight 
fraction W1, (wt.%) of the PATE recurring units 

in the block copolymer can be calculated in accordance 
with the following equation: 

Weight fraction of Weight fraction of 
sulfur in block -— sulfur in PTK 
copolymer, (W) recurring unit, (W1) 

W1’ 2 100 X Weight fraction of Weight fraction of 
sulfur in PA TE _ sulfur in PTK 

recurring unit, (W2) recurring unit, (W1) 

By introducing a measured value W=24.3% and 
calculated values W1=l5.O1% and W2=29.63% into 
the above equation, W1, was determined to be 63.5 %. 

(Physical properties of block copolymer) Physical 
properties of the block copolymer are as follows: 

Melt viscosity: 180 poises 
Transition temperature: 
Tg: 100° C. 
Tm: 302° C. and 323° C. 
Melt crystallization temperature: 
Tmc (400° C.): 263° C. 
Tmc (400' C10 min): 230“ C. 
Melt crystallization enthalpy: 
AHmc (400° C.): 53 J/g 
Residual melt crystallization enthalpy: 
AI-Irnc (400° C./l0 min): 42 J/g 
Incidentally, Tg (glass transition temperature) and 

Tm (melting point) were measured at a heating rate of 
10° C./rnin from room temperature by a DSC using a 
pressed sheet (pressed at 380° C.) and powdery polymer 
as samples, respectively. ' 
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[Synthesis Experiment 2] 
(Synthesis of block copolymer by Production Process 

No. 2) 
(Synthesis of PATE prepolymer) 

A titanium~lined reactor was charged with 3.2 kg of 
hydrated sodium sul?de (water content: 5 3.7 wt.%) and 
6.0 kg of NMP. While gradually heating the contents to 
200° C. under a nitrogen gas atmosphere, 2.541 kg of an 
NMP solution containing 1.326 kg of water and 0.38 
mole of hydrogen sul?de were distilled out. Then, 0.123 
kg of water was added, followed by the feeding of a 
mixed solution of 2.35 kg of PDCB and 4.51 kg of NMP. 
Polymerization was conducted at 220° C. for 10 hours 
(PDCB/sodium sul?de=0.86 mol/mol, water con 
tent/NMP=about 3 mol/kg), thereby obtaining a reac 
tion slurry containing a PATE prepolymer. The num 
ber average molecular weight of the prepolymer was 
1530 (average polymerization degree: 14). ' 

(Synthesis of PTK prepolymer) 
A titanium-lined 20-1 reactor was charged with 3.640 

moles of DCBP, 2.039 moles of hydrated sodium sul?de 
(water content: 53.7 wt.%), 176 g of water and 4.004 kg 
of NMP. After the reactor being purged with nitrogen 
gas, the contents were maintained at 220° C. for 1 hour 
(water content/NMP=about 5 mol/kg) to obtain a 
reaction slurry containing a PTK prepolymer. 

(Synthesis of block copolymer) 
A charge pot equipped with a heater was mounted on 

the titanium-lined 20-1 reactor which had been charged 
with the reaction slurry containing the PTK prepoly 
mer. The pot was charged with 9.12 kg of the reaction 
slurry containing the PATE prepolymer. After the 
reaction slurry being heated to 220° C., the reactor was 
charged with the reaction slurry containing the PATE 
prepolymer and then with 1.146 kg of water. The con 
tents were thereafter mixed. - 

The contents were maintained at 260° C. for 2 hours. 
After the contents being allowed to cool down to 240° 
C., a final stabilizing treatment of the reaction was ef 
fected by adding 0.4356 mole of DCBP and 0.5 kg of 
NMP and then reacting the contents at 240° C. for 0.2 
hour. The reaction conditions upon synthesis of the 
block copolymer were as follows: 

(1) The molar ratio of the total amount of the charged 
dihalogenated aromatic compounds [the sum of the 
amount of PDCB charged upon synthesis of the PATE 
prepolymer and the amount of DCBP charged upon 
synthesis of PTK prepolymer]to the total amount of the 
charged alkali metal sul?de [the sum of the amount of 
sodium sul?de charged upon synthesis of the PATE 
prepolymer and the amount of sodium sul?de charged 
upon synthesis of the PTK prepolymer] was 0.99. 

(2) The ratio of PATE blocks to PTK blocks was 
approximately 60:40 (by weight). 

(3) The ratio of the water content to the amount of 
the charged organic amide (NMP) was about 10 
mol/kg. (Collection of block copolymer) 

Collection was conducted in a similar manner to 
Synthesis Experiment 1, thereby obtaining a block co 
polymer (Block Copolymer B2) The collection rate was 
78%. (Physical properties of block copolymer) 

Physical properties of Block Copolymer B; were as 
follows: 
Melt viscosity: 650 poises. 
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Transition temperature: 
Tg: 104° C. 
Tm: 301° C. and 324° C. 
Melt crystallization temperature: 
Tmc (400° C.): 252° C. 
Tmc 400° C./10 min): 221° C. 
Melt crystallization enthalpy: 
AHmc (400° C.): 43 J/g. 
Residual melt crystallization enthalpy: 
AHmc (400° C./l0 min): 36 J/g. 
Incidentally, the ratio (by weight) of the sum of 

PATE recurring units to the sum of PTK recurring 
units was 1.6 (62/38). 

[Synthesis Experiment 3] 
(Synthesis of melt-stable PTK) 

A titanium-lined reactor was charged with 90 moles 
of DCBP, 90 moles of hydrated sodium sul?de (water 
content: 53.6 wt.%) and 90 kg of NMP (water con 
tent/NMP=5 mol/kg). After the reactor being purged 
with nitrogen gas, the contents were heated from room 
temperature to 240° C. over 1.5 hours and were then 
maintained at 240° C. for 2 hours to react them. There 
after, to effect a stabilization treatment in a final stage of 
the reaction, 4.5 moles of DCBP, 18 kg of NMP and 90 
moles of water were added, followed by a reaction at 
240° C. for further 1 hour. 
The rector was cooled and the reaction mixture in the 

form of a slurry was taken out of the reactor. The slurry 
was poured into about 200 1 of acetone to have the 
resultant polymer precipitated. The thus-precipitated 
polymer was collected by ?ltration and washed twice 
with acetone and additionally twice with water. Ace 
tone and water were removed to obtain the polymer in 
a wet form. The wet polymer thus obtained was dried at 
100° C. for 12 hours under reduced pressure to obtain 
Polymer PTK-1 as a ?ne powder having an average 
particle size of 11.5 pm. 
The melting point of Polymer PTK-l (powder) was 

360° C. 
As an index of the molecular weight of PTK, the 

solution viscosity of PTK-1 was measured. 
Namely, the reduced viscosity nred of PTK-1 as mea 

sured at 25° C. by a Ubbelohde’s viscometer after dis 
solving the PTK-l at a concentration of 0.5 g/dl in 98% 
sulfuric acid was 0.63 dl/ g. 
As an index of the crystallinity of PTK, its density 

was measured. 
Namely, the PTK powder was ?rst of all placed 

between two sheets of polyimide film (“Kapton”; prod 
uct of El. du Pont de Nemours & Co., Inc.). It was 
preheated at 385° C. for 2 minutes and then press 
formed at 385° C. for 0.5 minute by a hot press. It was 
then quenched to obtain an amorphous sample whose 
thickness was about 0.15 mm. 

In addition, the amorphous sample thus-obtained was 
annealed at 280° C. for 30 minutes to prepare an an 
nealed sample with an increased degree of crystallinity. 
The densities of the amorphous sample and annealed 
sample (crystallized sample) measured at 25° C. by the 
density gradient tube method of the zinc chloride/wa 
ter system were 1.30 g/cm3 and 1.35 g/cm3: respec 
tively. 
With respect to the PT K-l powder obtained in Syn 

thesis Experiment, the residual melt crystallization en 
thalpy, AHmc (420° C./1O min) was measured as an 
index of its melt stability. Namely, the temperature 
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corresponding to a peak of melt crystallization mea 
sured by the DSC is represented by Tmc (420° C./l0 
min), while a residual melt crystallization enthalpy, 
AHmc (420° C./l0 min) was determined by converting 
the area of the peak. 

Described speci?cally, about 10 mg of PTK-l (pow 
der) were weighed. After holding the PTK-l at 50° C. 
for 5 minutes in an inert gas atmosphere, it was heated 
up at a rate of 75° C./min to 420° C. and held at that 
temperature for 10 minutes. While cooling the PTK-l at 
a rate of 10° C./min thereafter, its Tmc (420° C./ 10 min) 
and AHmc (420° C./ 10 min) were measured. As a result, 
AHmc (420° C./l0 min) and Tmc (420° C/lO min) were 
43 J/ g and 290° C., respectively. 

In addition, AI-Imc (400° C./ 10 min) and Tmc (400° 
C./ 10 min) were 55 J/g and 313° C., respectively. 

[Example 1] (Uniaxially-stretched ?lms) 
To Block Copolymer B1 obtained in Synthesis Exper 

iment l, Ca(OH)2 was added as a stabilizer in the pre 
scribed amounts shown in Table l. The resultant com 
positions were separately blended in a tumbler blender, 
charged into a twin-screw extruder equipped with 
screws rotatable in the same direction and a nozzle of 5 
mm across and having a cylinder diameter of 35 mm, 
molten and kneaded at a cylinder temperature of 350° 
C., extruded into strands, quenched and then chopped. 
Pellet samples of the respective compositions were thus 
obtained. 
The pellet samples were separately fed to a single 

screw extruder having a cylinder diameter of 35 mm 
and ?tted with a small T’die, molten and kneaded at a 
cylinder temperature of 330° C., quenched by cooling 
rolls, thereby obtaining corresponding amorphous ?lms 
having an average thickness of 150 um. 
With regard to each of those amorphous ?lms, the 

ratio of a peak area upon crystallization to a peak area 
upon melting of crystals (ASTc/ASTm) was measured 
by a DSC at a heating rate of 10° C./min. As a result, 
the peak area ratio of the stabilizer-added amorphous 
?lm and that of the ?lm made of the block copolymer 
alone, i.e., the stabilizer-free ?lm were both 0.4. Judging 
from this value, the ?lms thus obtained were found to be 
substantially amorphous. . 
A portion of each of the amorphous ?lms thus ob 

tained was stretched 4.5 times at 112° C. in one direction 
by using a biaxial stretching tester manufactured by 
Toyo Seiki Seisakusho Ltd. The birefringence of the 

' ?lm made of the stabilizer-added composition was 0.22 
, while that of the ?lm made of the block copolymer 
alone was also 0.22. Then, the ?lms were heat-set at 
280° C. for 10 minutes under a ?xed length, thereby 
obtaining uniaxially stretched ?lms having a thickness 
of about 33 pm. Physical properties of the uniaxially 
stretched ?lms thus obtained and also the melt stability 
of pellets are as shown in Table l. 
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The long-run property of the ?lm made of the com 

position added with Ca(OH)2 as a stabilizer was better 
compared with that of the ?lm made of the block co 
polymer alone and practically no thermally-decom 
posed products were observed sticking on the inner 
wall of the extruder. 

<Measurement of Physical Properties> 
Strength and elongation properties 

With respect to each of the sample ?lms having a 
width of 10 mm and a length of 20 mm, the strength and 
elongation properties were measured in accordance 
with ASTM-D638 by “TENSILON” (RTM-lOO 
Model; manufactured by Toyo Baldwin Company) at a 
temperature of 23° C. and a deformation rate of 10 
mm/min (50%/min). 

Tensile modulus The tensile modulus of each sample 
was measured at a temperature of 23° C. in accordance 

with ASTM-D638. 

Birefrinoence 

The birefringence of each uniaxially-stretched ?lm 
was determined by measuring the retardation (the retar 
dation between the advance of light rays in the direc 
tion of the orientation in the ?lm and that in a direction 
perpendicular thereto) and using the following formula: 

retardation=(?lm thickness) >< (birefringence) When 
the retardation of sample ?lm is too large to conduct the 
measurement with ease, a ?lm whose retardation had 
already been known was overlapped on the sample ?lm 
with their axes of orientation extending precisely at a 
right angle, whereby the retardation of the sample ?lm 
was measured in a state that the retardation is reduced. 
After that, the retardation value of the sample ?lm was 
obtained by adding the retardation value of the known 
?lm to the thus-measured retardation value of the sam 
ple ?lm. Division of thus-obtained retardation value 
with the ?lm thickness leads to its birefringence. 

Measuring method of gel-like substances 

Each ?lm was cut into a piece of 20 cm><20 cm and 
placed between two polarizing plates arranged with 
their crystallographic axes extending at a right angle. 
While upwardly directing ?uorescent light on the ?lms, 
the ?lm was looked down to count spots visible to the 
eye. The number of the spots was recorded as the 
amount of gel-like substance. 

Melt stability of pellets 
Melt stability was evaluated based on “my/115‘ and 

17667115‘ obtained in the following manner. About 20 g 
of each pellet sample were placed in a barrel of Capiro 
graph, which barrel had been heated at 350° C. The 
melt viscosity was measured 5 minutes, 30 minutes, 60 
minutes later, thereby determining 715‘, 1130‘ and 1160‘ 
(all, at a shear rate of 1200 sec-*1), respectively. The 
closer to l the ratio, the better the melt stability. 

TABLE 1 

Example 1 
Experiment No. l-l l-2 

Composition of pellets (Pellets-l) (Pellets-2) 
(parts by weight) Block Copolymer B1 (100) Block Copolymer B] (100) 

Ca(OH); (0) Ca(OH)1 (0.5) 
Physical properties of uniaxially 
stretched ?lms 

Densityl (25“ c.) [g/cm3] 1.36 1.36 
Strength/elongation properties (23° C.) 
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TABLE l-continued 

Examnle 1 

Experiment No. 1-1 l-2 

(machine direction)2 
Tensile strength at break (kg/mm2) 15 15 
Tensile elongation at break (%) 31 33 
Tensile modulus (kg/mmz) 420 425 
Number of gel-like spots 7 3 
Melt-stability of Ellets 
nso'hu’ 1.2 0.9 
naf/ns‘ 3.4- 0.9 
Remarks No stabilizer Ca(OH)7_ added as 

stabilizer 

1Determined by the density gradient tube method in lithium bromide/water system. 
2Machine direction: stretching direction. 

properties of the biaxially-stretched ?lms thus obtained 
are summarized in Table 2. 

TABLE 2 
Example 2 

Experiment No. 2-1 2-2 

Composition of pellets (Pellets-l) (Pellets-2) 
(parts by weight) Block Copolymer B1 (100) Block Copolymer B1 (100) 

C3(0H)2 (0) C8(OH)Z ((1 5) 
Physical properties of biaxiaily 
stretched ?lms 

Density1(25° c.) [g/cm3] 1.36 1.36 
Strength/elongation properties 
gin/r1322 £23" c.) 
Tensile strength at break (kg/mmz) 12/12 12/13 
Tensile elongation at break (%) 23/25 26/28 
Tensile modulus (kg/mmz) 337/ 34-0 343/340 
Number of gel-like spots 4 2 
Remarks No stabilizer Ca(O1-I)2 added as 

stabilizer 

IDetermined by the density gradient tube method in lithium bromide/water system. 
2“MD" (machine direction) means the stretching direction in the ?rst-stage stretching and “TD" (transverse 
direction) designates the stretching direction in the second-stage stretching. 

7 [Example 2] 

(Sequentially- and biaxially-stretched films) 
A portion of each amorphous ?lm obtained in Exam 

ple 1 was stretched at 112° C. and a draw ratio of 3 times 
in the machine direction by the biaxial stretching tester 
used in Example 1. The birefringence of the stabilizer 
added ?lm was 0.18, while that of the ?lm formed of the 
block copolymer alone was 0.19. Then, each ?lm was 
stretched at 112° C. at a draw ratio of 3 times in the 
transverse direction, heat-set at 280° C. for 10 minutes 
under a ?xed length, and then subjected to thermal 
relaxation at 270° C. for 5 minutes without stress. For 
this manner, a biaxially-stretehed ?lms having a thick 
ness of 14-18 pm were obtained respectively. Physical 
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[Example 3] 
(Simultaneously- and biaxially-stretched ?lm) 

Each amorphous ?lm obtained in Example 1 was 
biaxially-stretched simultaneously at 112° C. and draw 
ratios of 3.2 times in the machine direction and of 3.2 
times in the transverse direction by the biaxial stretch 
ing tester in Example 1. The ?lm thus obtained was 
heat-set at 280° C. for 10 minutes under a ?xed length. 
In this manner, biaxially-stretched ?lms having a thick 
ness of 10-15 pm were obtained respectively. 

Physical properties of the biaxially-stretched ?lms 
thus obtained are given in Table 3. 

TABLE 3 
Example 2 

Experiment No. 3-1 3-2 

Composition of pellets (Pellets-l) (Pellets-2) 
(parts by weight) Block Copolymer B1 (100) Block Copolymer B1 (100) 

(Mon): (0) Ca(oH)2 (05) 
Physical properties of biaxially 
stretched ?lms 
Density1(25' c.) [g/cnt3] 1.36 1.36 
Stren h/elon ation ro erties 23° C. 

Tensile strength at break (kg/mmz) 14 15 
Tensile elongation at break (%) 21 24 
Tensile modulus (kg/mmz) 34-0 344 
Number of gel-like spots 5 4 
Remarks No stabilizer Ca(OH)2 added as 

stabilizer 

lDetermined by the density gradient tube method in lithium bromide/water system. 
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Example 4, Comparative Examples l-2] 
In order to demonstrate the improved processability 

(lowered processing temperature of the block copoly 
mer of the present invention), amorphous ?lms were 
prepared at varied melt-extrusion temperatures and the 
degree of occurrence of gel-like substances in each 
biaxially-stretched ?lm was measured. 
Namely, a composition of Block Copolymer B2 ob 

tained in Synthesis Experiment 2 and Ca(OH)2 (Exam 
ple 4); a composition of PTK-l, that is, poly(arylene 
thioether-ketone) obtained in Synthesis Experiment 3 
and Ca(OH)2 (Comparative Example 1); and a composi 
tion of a 40:60 by weight mixture of PTK-l and PATE 
[poly(p-phenylene thioether); “FORTRON W-300”; 
product of Kureha Chemical Industry Co., Ltd.] and 
Ca(OH)2 (Comparative Example 2) were separately 
charged into a single screw extruder having a cylinder 
diameter of 35 mm and equipped with a small T-die, and 
then extruded at melt extrusion temperatures of 340° C. 
and 370° C. to prepare amorphous flms having an aver 
age thickness of about 150 um. 
Each of the amorphous ?lms thus obtained was sub 

jected to simultaneous biaxial stretching at 112° C. and 
draw ratios of 3.2 times in the machine direction and 3.2 
times in the transverse direction. Then, it was heat-set at 
280° C. for 10 minutes under a ?xed length. In this 
manner, ?lms having an average an average thickness of 
about 15 um were obtained. The numbers of gel-like 
spots formed and physical properties of the ?lms (ther 
mal shrinkage factors, strength and elongation proper 
ties) were measured. The results are given in Table 4. 

In addition, the dielectric strength of each ?lm thus 
obtained was measured. As a result, the dielectric 
strength of the stretched ?lm of Example 4 was 350 
V/um (when melt-extruded at 340° C.) and 340 V/m 
(when melt-extruded at 370° C.), respectively. It was 
however impossible to measure the dielectric strength 
of the stretched ?lm melt-extruded at 340° C. in Com 
parative Example 1. The other stretched ?lm of Com 
parative Example 1, which was melt-extruded at 370'’ 
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<Measurement of physical properties> 
Thermal shrinkage factor 

Each amorphous ?lm was cut into a square piece of 
10 cmX 10 cm. Two lines were drawn on the ?lm, pass 
ing through the center of the ?lm in parallel with the 
respective paired sides, whereby a cross mark was 
placed. After the lengths of the two lines of the cross 
mark were precisely measured by a cathetometer, the 
film was pinched by a clip at one of four corners and 
then suspended for 10 minutes in a Geer oven to cause 
thermal shrinkage. Thereafter, the ?lm was taken out of 
the oven and allowed to cool down to room tempera 
ture. The lengths of the two lines of the cross mark 
were measured again and then compared with the cor 
responding lengths before heating. The difference was 
expressed in terms of percentage and recorded as a 
thermal shrinkage factor. 

Dielectric strength 
With respect to each of the stretched ?lms, the dielec 

tric constant (V / um) was measured at room tempera‘ 
ture in air under a dc. voltage applied across electrodes 
having a diameter of 25 mm in accordance with JIS C 
2318. As a datum of the dielectric strength, the average 
of 40 pieces of data was used. The dielectric strength is 
an index of electric insulating property of the ?lm and if 
electric defects, e.g., electro-conductive particles and 
voids are contained in the ?lm, electric charges are 
concentrated on these so that the ?lm is susceptible to 
dielectric breakdown and its dielectric strength is re» 
duced. 

Transparency 
Each sample ?lm of about 15 mm><30 mm was 

placed in a holder and its light transmittance was mea 
sured within a wavelength range of from 300 to 900 nm 
by a “UV-VISIBLE RECORDING SPECTROPHO 
TOMETER UV-260” manufactured by Shimadzu 
Corp. The transmittance at the wavelength of 600 nm 
was recorded as transparency out of all the transmit 
tance measured. 

TABLE 4 

Experiment No. Example 4 Comp. Ex. 1 Comp. Ex. 2 

Melt extrusion temperature (°C.) 340 370 340 370 340 370 

Composition of pellets Block Copolymer B2 block Copolymer B2 PT K-l P'TK-l PTK-l PTK-l 
(parts by weight) 100 100 100 100 40 4o 

cnomz Ca(OH)2 cnomz Ca(OH)2 PATEI PATE' 
0.3 0.3 O. 0.3 60 6O 

Ca(OI<I)2 cnomz 
0.3 0.3 

Pro rties of biaxiall -stretched ?lms 2 3 

Strength/elongation properties (23° C.) 
Tensile strength at break (kg/mail) l3 l2 — l2 11 12 
Tensile elongation at break (%) 23 21 — 17 I6 20 
Thermal shrinkage factor (%) (250‘ C.) 0.8 0.8 — 0.5 3.0 2.0 
Number of gel-like spots 3 — 18 50 35 
Transparency 
Light transmittance (%) 78 74 — 5 6 

lPcly(p~phenylene thioether) (“FORTRON W-300"; product of Kureha Chemical Industry Co., Ltd.) 
2No biaxial stretching was feasible due to the unduly low extrusion temperature and excessively large melt fracture of the sheet upon extrusion. 
3Poor biaxial stretching was only feasible due to the unduly low extrusion temperature and excessively large melt fracture of the sheet upon extrusion. 

It has been found from Table 4 that Example 4 of this 
C., was 290 V/).Ln1. Further, the dielectric strength of 65 invention features the observation of substantially no 
the stretched ?lm of Comparative Example 2 was 270 
V/u'm (when melt-extruded at 340° C.) and 320 V/um 
(when melt—extruded at 370° C.), respectively. 

formation of gel-like substances. From a comparison 
with Comparative Examples 2 in which the pellets had 
substantially the same composition as Bock Copolymer 
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B2, Example 4 has also been found to feature the possi 
bility of use of a lower processing temperature. 
As is apparent from the thermal shrinkage factors at 

250° C. in Table 4, the block copolymer has been found 
to have good thermal dimensional stability. Although 
full elucidation has not been made yet, this feature has 
probably been brought about because the block copoly 
mer of this invention constitutes a more uniform system 
and contains smaller localized strains compared with 
the blend system of homopolymers of the individual 
components of the blocks. In addition, compared with 
Comparative Example, the ?lm of Example 4 had better 
dielectric strength. This indicated that the ?lm of Ex 
ample 4 contained fewer gel-like spots and moreover 
less electrically-defective substances formed by thermal 
decomposition of the like. Therefore, the ?lm of Exam 
ple 4 had excellent electrical properties. 

Furthermore, as is apparent from the light transmit 
tance, the ?lm of Example 4 had good transparency 
while the blend system of Comparative Example 2 was 
only able to give opaque ?lms of low light transmit 
tance. Such a tendency was also observed on the sheets 
before stretching. Even when the stretching was con 
ducted at varied temperatures, the blend system failed 
to provide any transparent flm unlike Example 4. Ac 
cordingly the ?lms of the blend system are considered 
non-uniform when judged on the order of optical wave 
lengths. 

[Example 5] 
Mixed uniformly with 100 parts by weight of Block 

Copolymer B1 in a Henschel mixer were 0.5 part by 
weight of titanium oxide powder and 0.5 part by weight 
of silica powder to obtain a blend. 
Under a nitrogen gas stream, the blend was charged 

into a single-screw extruder having a cylinder diameter 
of 35 mm, extruded at a melt temperature of 340° C. into 
strands, quenched and chopped to prepare a pellet sam 
ple. The pellet sample thus obtained was retained for 3 
hours in an oven of 150° C., whereby crystallization was 
conducted. . 

A biaxially-stretched ?lm was prepared from the 
pellet sample in a manner similar to Example 2. The 
birefringence of the uniaxially stretched ?lm before 
biaxial stretching was 0.18. The coef?cient of surface 
dynamic friction of the resultant biaxially stretched ?lm 
as measured against a ?lm of the same type at 25° C. in 
accordance with ASTM-D1894 was 0.43, thereby indi 
cating that the ?lm had high lubricity. 

[Example 6 ] 
80 parts by weight of Block Copolymer B1, 20 parts 

by weight of PTK-l obtained in Synthesis Experiment, 
and as stabilizers, 1.0 part by weight of Ca(OH)2, a basic 
compound, and 0.5 part by weight of PEP36 [“MARK 
PEP 36”; bis-(2,6-di-t-butyl-4-methylphenyl)-pentaery 
thritol diphosphite; product of Adeka Argus Chemical 
Co., Ltd.], a phosphorus compound as an antioxidant 
were mixed at room temperature in a Henschel mixer. 
Then, the pellet sample was prepared in a similar man 
ner to Example 1 except that the cylinder temperature 
was'changed to 360° C. 
Then n30*/175‘ and n60*/'q5* of pellet sample were 

1.02 and 1.04, respectively, so that the pellet sample had 
good melt stability. 
The pellet sample was retained in an oven of 150° C. 

for 2 hours for crystallization. Then, it was extruded 
. into a molten ?lm in a similar manner as in Example 1 
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except that the cylinder temperature was changed to 
360° C.. The ?lm was quenched, thereby obtaining an 
amorphous ?lm (ASTc/ASTm‘=0.35). 
The ?lm obtained was biaxially stretched simulta 

neously at 118° C. and at a draw ratio of 3 times in the 
machine direction and at a draw ratio of 3 times in the 
transverse direction in a manner similar to Example 3. 
The ?lm thus obtained had a thickness of 11 pm. The 

biaxially stretched ?lm was held on a metal frame, ?xed 
at all the peripheries, and heat-set at 300° C. for 10 
minutes under a ?xed length. The tensile strength at 23° 
C., elongation at 23° C. and tensile modulus at 23° C. of 
the ?lm were 17 kg/mmZ’ 23% and 340 kg/mmzy respec 
tively. In addition, its thermal shrinkage factor was 
0.5% 

[Example 7] 
60 parts by weight of Block Copolymer B2 and 40 

parts by weight of PATE used in Comparative Example 
2 -were blended at room temperature in a Henschel 
mixer. Then, a pellet sample was prepared in a similar 
manner to Example 1 except that the cylinder tempera 
ture was changed to 330° C.. 
The pellet sample was retained in an oven of 150° C. 

for 4 hours for crystallization. Thereafter, the molten 
film was extruded in a manner similar to Example 1 
except that the cylinder temperature was changed to 
330° C. and quenched, thereby obtaining an amorphous 
?lm (ASTc/ASTm=O.30). 
Using the above-prepared film, a stretched ?lm hav 

ing a thickness of 15 pm was prepared. Film-forming 
conditions at that time were as follows: 

Stretching along ?rst axis: 
Stretching temperature: 110“ C. 
Draw ratio: 3 times 
Birefringence: 0.18 
Stretching along second axis: 
Stretching temperature: 110° C. 
Draw ratio: 3 times 
Heat-setting: 
Temperature: 280° C. 
Period: 300 seconds 
Percent relaxation 5% 
The MD/TD-tensile strength of this ?lm at 23° C. 

and the MD/TD-elongation at 23° C. and MD/TD-ten 
sile modulus at 23° C. were 16/17 kg/mmZ’ 25/24 % and 
335/340 kg/mmZY respectively. In addition, the thermal 
shrinkage factor of the ?lm was 1.5% and the number of 
gel-like spots was 2. 
The terms “MD” and “TD” as used herein with re 

spect to “MD/T D” mean the stretching direction along 
a ?rst axis, i.e., the machine direction and the stretching 
direction along a second axis, i.e., the transverse direc 
tion. 
We claim: 
1. A process for the production of a stretched poly 

(arylene thioether) block copolymer film from a ther 
moplastic material composed of: 

(A) 100 parts by weight of a poly(arylene thioether) 
block copolymer (Component A) alternately com 
prising (X) at least one poly(arylene thioether 
ketone) block having predominant recurring units 
of the formula 
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wherein the —CO— and —S— are in the para position 
to each other and (Y) at least one poly(arylene thioe 
ther) block having predominant recurring units of the 
formula 

(a) the ratio of the total amount of the poly(arylene 
thioether) block (Y) to the total amount of the 
poly(arylene thioether-ketone) block (X) rang 
ing from 0.05 to 5 by weight, 

(b) the average polymerization degree of the poly 
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(arylene thioether) block (Y) being at least 10, ' 
and 

(c) said block copolymer having a melt viscosity of 
50-lO0,000 poiscs as measured at 350° C“ and a 
shear rate of 1,200/sec; 

(B) optionally, not greater than 100 parts by weight 
of at least one other thermoplastic resin(Compo 
nent B); and 

(C) optionally, not greater than 15 parts by weight of 
at least one ?ller (Component C), which comprises 
stretching an amorphous ?lm made of the thermo 
plastic material at a draw ratio of 1.5-7 times in at 
least one direction within a temperature range of 
90°—70' C. and then heat setting the thus-stretched 
?lm at a temperature range of l60°—350° C.. 

2. The process as claimed in claim 1, wherein the 
poly(arylene thioether) block copolymer (Component 
A) has a melt crystallization temperature, Trnc (400° 
C./l0 min) of at least 170° C. and a residual melt crystal“ 
lization enthalpy, AHmc (400° C./l0 min) of at least 10 
J/g, wherein Tmc (400° C./l0 min) and AHmc (400° 
C./l0 min) are determined by a differential scanning 
calorimeter at a cooling rate of l0° C./rnin after the 
block copolymer is held at 50° C. for 5 minutes in an 
inert gas atmosphere, heated to 400° C. at a rate of 75° 
C./min and then held for 10 minutes at 400° C.. 

3. The process as claimed in claim 1, wherein the 
poly(arylene thioether) block (Y) in the poly(arylene 
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thioether) block copolymer (Component A) has pre“ 
dominant recurring units of the formula 

4. The process as claimed in claim 1, further compris 
ing, per 100 parts by weight of the poly(arylene thioe 
ther) block copolymer (Component A), 01-10 parts by 
weight of at least one basic compound (Component D) 
selected from the group consisting of hydroxides, ox 
ides and aromatic carboxylates of group IIA metals of 
the periodic table other than magnesium, and aromatic 
carboxylates, carbonates, hydroxides, phosphates, in 
cluding condensation products, and borates, including 
condensation products, of group IA metals of the peri 
odic table and 0-l0 parts by weight of at least one anti 
oxidant (Component E) selected from the group con 
sisting of hindered phenolic compounds, phosphorus 
compounds and hindered amine compounds. 

5. The process as claimed in claim 1, wherein the 
thermoplastic resin (Component B) is at least one poly 
mer selected from poly(arylene thioethers) having pre 
dominant recurring units of the formula 

and poly(arylene thioether-ketones) having predomi» 
nant recurring units of the formula 

wherein the —CO— and —S— are in the para position 
to each other. 

6. The process as claimed in claim 1, wherein the 
amorphous ?lm has been obtained by melt-forming or 
forming the thermoplastic material into a molten ?lm at 
300°-380° C. and then quenching the molten ?lm. 
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